Vaccinating pregnant women with influenza vaccine and tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine (Tdap) can reduce influenza and pertussis risk for themselves and their infants. pregnant women accounted for 24%-34% of influenza-associated hospitalizations per season among females aged 15-44 years. From 2010 to 2017, a total of 3,928 pertussis-related hospitalizations were reported among infants aged <2 months (annual range = 262-743). Maternal influenza and Tdap vaccination coverage rates reported as of April 2019 were 53.7% and 54.9%, respectively. Among women whose health care providers offered vaccination or provided referrals, 65.7% received influenza vaccine and 70.5% received Tdap. The most commonly reported reasons for nonvaccination were believing the vaccine is not effective (influenza; 17.6%) and not knowing that vaccination is needed during each pregnancy (Tdap; 37.9%), followed by safety concerns for the infant (influenza =15.9%; Tdap = 17.1%).
Introduction
Pregnancy confers an increased risk for hospitalization with influenza; one analysis estimated a 2.4 greater odds of influenza-associated hospitalization among pregnant women compared with nonpregnant patients (1) . Influenza is also dangerous for infants aged <6 months, who have the highest incidence of influenza-associated hospitalizations and highest influenza-associated mortality risk among children (2) . Similarly, pertussis morbidity and mortality are highest among infants aged <1 year, who have the highest per-population disease and hospitalization incidence and account for 88% of reported pertussis deaths (3) . Infants routinely receive their first doses of pertussis-containing vaccine at age 2 months and influenza vaccine at age 6 months (4).
Vaccinating pregnant women with influenza vaccine and Tdap can provide their infants with transplacentally transferred passive immunity against influenza and pertussis during the first few months of life and also reduce women's own risk for infection (5) (6) (7) . The Advisory Committee on Immunization Practices (ACIP) recommends that all women who are or will be pregnant during influenza season receive influenza vaccination, which can be administered anytime during pregnancy (8) . ACIP also recommends that women receive a dose of Tdap during each pregnancy, preferably during the early part of gestational weeks 27-36 (9) . CDC analyzed influenza and pertussis data from national surveillance systems to assess disease burden* among pregnant women and infants and estimated maternal influenza and Tdap vaccination coverage using panel survey data.
Methods
Data from the Influenza Hospitalization Surveillance Network (FluSurv-NET) and the Influenza-Associated Pediatric Mortality Surveillance System † for the 2010-11 through 2017-18 influenza seasons were analyzed to quantify the proportion of influenza-associated hospitalizations among females aged 15-44 years that occurred among pregnant women and the number of influenza-associated hospitalizations per 100,000 and influenza-associated mortality among infants aged <6 months. Data from the National Notifiable Diseases Surveillance System (NNDSS) § for 2010-17 were analyzed to obtain pertussis case counts, hospitalization proportion (calculated among the 64% of infants with known outcome), and mortality in infants aged <2 months.
An Internet panel ¶ survey was conducted to estimate influenza and Tdap vaccination coverage among pregnant women (10); female panel members aged 18-49 years living in the United States were invited via e-mail or through a link on the panel website to access the survey site and complete screening questions. The survey was fielded during March 27-April 8, 2019, among women aged 18-49 years who reported being pregnant any time since August 1, 2018. Among 20,315 women who entered the survey site, 2,762 reported being eligible; 2,626 completed the survey (cooperation rate = 95.1%).** Data were weighted to reflect age, race/ethnicity, and geographic distribution of the U.S. population of pregnant women (10) .
Influenza vaccination coverage was calculated among 2,097 † † women who reported being pregnant any time during * In this report, influenza burden is defined as the total number and seasonal range of influenza-associated hospitalizations among pregnant women and influenza-associated deaths in infants aged <6 months, the proportion of influenza-associated hospitalizations among women of childbearing age occurring among pregnant women, and the influenza-associated hospitalization rate per 100,000 population for infants aged <6 months. Pertussis burden is defined as the number of cases, reported hospitalizations, and deaths among children aged <1 year and the proportion of each of these occurring among infants aged <2 months. † 
Results
During the 2010-11 through 2017-18 influenza seasons, 2,341 influenza-associated hospitalizations among pregnant women were reported to FluSurv-NET (seasonal range = 84-523). Pregnant women accounted for 24%-34% of reported influenza-associated hospitalizations per season among females aged 15-44 years with known pregnancy status.*** During the § § Among 2,626 respondents, 1,494 (56.9%) were still pregnant at the time of the survey, and 202 (7.7%) reported a pregnancy outcome other than live birth. Among 930 respondents reporting a live birth, 113 women (12.8%) who reported not knowing if they had received Tdap ever (10.3%) or during their recent pregnancy (2.5%) were excluded from analysis. Therefore, Tdap receipt during pregnancy was assessed among 817 respondents. ¶ ¶ Additional information on obstacles to inference in nonprobability samples is available at https://www.aapor.org/AAPOR_Main/media/MainSiteFiles/ NPS_TF_Report_Final_7_revised_FNL_6_22_13.pdf and https://www. aapor.org/getattachment/Education-Resources/For-Researchers/AAPOR_ Guidance_Nonprob_Precision_042216.pdf. Although the estimates reported here have variance, there has been no attempt to quantify the size of the variance. *** The proportion of FluSurv-NET cases with known pregnancy status was not ascertained during the 2010-11 influenza season. Pregnancy status was known for 88% of females aged 15-44 years reported to FluSurv-NET during the 2011-12 influenza season and >99% during the 2012-13 through 2017-18 seasons. same period, the average influenza-associated hospitalization rate per season among infants aged <6 months was 133.0 per 100,000 with lower rates in older age groups ( Figure 1 ); 100 laboratoryconfirmed influenza-associated deaths among infants aged <6 months were reported (seasonal range = 6-19). From 2010 to 2017, pertussis was reported in 27,370 infants aged <12 months; 9,199 cases (33.6%) occurred among infants aged <2 months. Among 7,731 infant pertussis hospitalizations during 2010-17, a total of 3,928 (50.8%) were among infants aged <2 months ( Figure 2 ). During the same period, infants aged <2 months accounted for 69% (77) of NNDSS-reported pertussis deaths.
In the Internet panel survey, 53.7% of eligible respondents reported influenza vaccination before or during pregnancy, and 54.9% reported Tdap vaccination during pregnancy ( Table 1) .
Receipt of both influenza vaccine and Tdap was reported by 34.8% of 817 women with a recent live birth. For both vaccines, vaccination coverage was lower among non-Hispanic black (black) women and women who had less than a college education, were unmarried, lived below the poverty line, lived in the South, were publicly insured, and did not report a vaccination offer or referral from a health care provider than was coverage among referent groups. Influenza vaccination coverage was lower among nonworking women; Tdap coverage was lower among working women. Influenza vaccination coverage was also lower among uninsured women and those with five or fewer provider visits since July 2018. For Tdap, but not for influenza vaccination, Hispanic women had lower coverage, and women aged 18-34 years had higher coverage than did referent groups.
Receipt of offer or referral for vaccination from a health care provider was reported by 73.3% of respondents for influenza vaccine and 76.0% of respondents for Tdap (Table 1) ; among those who received an offer or referral, 65.7% received influenza vaccine, and 70.5% received Tdap. Vaccination offers or referrals were less commonly reported for both influenza vaccine and Tdap by black women and unmarried women ( Table 2 ). Offers or referrals for influenza vaccine were reported less often by women with a college degree or less education, uninsured women, women living in the South, women living below the poverty level, women without other high-risk medical conditions, and women with 10 or fewer health care visits since July 2018. Offers or referrals for Tdap were less frequently reported among women aged 35-49 years, working women, and women with the highest or lowest education levels. Among women reporting offers or referrals for vaccination, No. of hospitalized infants with pertussis Age (mos) vaccination receipt varied by demographic characteristics, with some of the largest gaps in coverage for either vaccine (>20 percentage points) identified between black and non-Hispanic white (white) women. Influenza vaccination coverage was 28 percentage points lower among uninsured women than among privately insured women; sample size was inadequate to analyze this for Tdap. The most commonly reported primary reason for not receiving influenza vaccination was believing the vaccine is not effective (17.6%) ( Supplementary Figure, https://stacks. cdc.gov/view/cdc/81478). For Tdap, the most commonly reported primary reason for nonvaccination was not knowing vaccination is needed during each pregnancy (37.9%): 24.5% of women who were not vaccinated during their recent pregnancy reported previous receipt of Tdap, and 13.4% reported not knowing they were supposed to receive Tdap during their recent pregnancy. For both vaccines, the second most common reason for nonvaccination was concern about safety risks to their infant (influenza = 15.9%; Tdap = 17.1%).
Discussion
Eight years of surveillance data corroborate earlier findings (1-3) regarding the disproportionate burden of influenza-associated hospitalization among pregnant women as well as influenza-and pertussis-associated hospitalization among infants too young to be vaccinated. Approximately half of pregnant women in the United States received influenza vaccine during the 2018-19 influenza season, and findings were similar for Tdap. Approximately three quarters of pregnant women reported an offer or referral for either vaccine from a health care provider, and vaccination coverage was higher among women reporting receipt of an offer or referral. However, ≥30% of women whose providers did offer or refer them for vaccination remained unvaccinated. US were asked about current insurance; women who had already delivered were asked about insurance "during your most recent pregnancy. " Women considered to have public insurance selected at least one of the following when asked what kind of medical insurance they had: Medicaid, Medicare, Indian Health Service, state-sponsored medical plan, or other government plan. Women considered to have private/military insurance selected private medical insurance and/or military medical insurance and did not select any type of public insurance. † † † Estimates with sample size <30 are not reported. § § § Referral is defined as a "yes" response to the question "Did any doctor, nurse, or medical professional suggest that you go someplace else to get the [flu/Tdap] vaccination?" ¶ ¶ ¶ Conditions other than pregnancy associated with increased risk for serious medical complications of influenza include chronic asthma, a lung condition other than asthma, a heart condition, diabetes, a kidney condition, a liver condition, obesity, or a weakened immune system caused by a chronic illness or by medicines taken for a chronic illness. Women who were missing information (223) were excluded from analysis.
TABLE 1. (Continued) Influenza vaccination and tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine (Tdap) coverage among pregnant women, by selected characteristics -Internet panel survey, United States, March-April 2019
Whereas approximately 9% of U.S. females aged 15-44 years are pregnant at any given time each year, † † † pregnant women in this age group accounted for 24%-34% of influenzaassociated hospitalizations per season. Influenza vaccination reduces pregnant women's risk for influenza-associated hospitalization by an average of 40% (7) ; maternal vaccination also reduces influenza-associated hospitalization risk in infants aged <6 months by an average of 72% (5 in preventing pertussis cases and 90.5% effective in preventing pertussis hospitalizations in infants aged <2 months (6), who account for half of all infant pertussis hospitalizations. Infant protection can motivate pregnant women to receive recommended vaccines, and intention to vaccinate is higher among women who perceive more serious consequences of influenza or pertussis disease for their own or their infant's health (11) . It is important to emphasize the well-documented effectiveness of maternal vaccination in preventing the most severe outcomes of influenza and pertussis infection, particularly among very young infants, in patient-facing materials and discussions promoting vaccination during pregnancy. The second most common reason for not receiving either vaccine was concerns about safety risks posed to the fetus, yet studies consistently affirm the safety of maternal vaccination for women and infants (5, 8, 9) . Providers treating pregnant women can take advantage of resources from CDC § § § and provider organizations ¶ ¶ ¶ to help convey strong, specific recommendations for influenza and Tdap vaccination in a manner that is responsive to women's concerns. Consistent with prior findings (10, 12) , current survey data show that vaccination coverage was lower among black pregnant women and those of lower socioeconomic status (i.e., less educated, living in poverty, and publicly insured or uninsured). Because provider recommendations are a powerful predictor of vaccination among pregnant women (10, 11) , previous efforts have focused on encouraging providers to strongly recommend § § § https://www.cdc.gov/pertussis/materials/hcp.html. ¶ ¶ ¶ http://immunizationforwomen.org/providers/pregnancy/pregnancyresources.php. needed vaccines and either offer them or provide referrals to another vaccinator if vaccines are not stocked onsite (13) . This analysis found overall high levels of reported provider offers or referrals for both vaccines although differences in some demographic subgroups were noted. Lower reported provider offers or referrals were sometimes associated with lower vaccination coverage. Further, many women whose providers offered or referred them for vaccination remained unvaccinated. This finding was particularly striking among black women, fewer than half of whom (46.6%) accepted influenza vaccine when offered or referred, compared with approximately two thirds (69.0%) of white women; similarly, Tdap coverage was 53.3% among black women, compared with 77.4% among white women (and 66.1% among Hispanic women), offered or referred for vaccination. One study in the general population found that black adults had lower levels of trust in influenza vaccine, in their doctor, and in information from CDC, compared with white adults (14) ; similar beliefs among black pregnant women might explain the lower vaccine acceptance found in this analysis. Differential effects of provider vaccination offers or referrals might also be explained by less patientcentered provider communication with black patients (15) . Surveillance and survey data presented here are subject to several previously described limitations that might affect their representativeness (10, (16) (17) (18) . Importantly, surveillance data likely underestimate outcomes of interest, while self-reported vaccination data might under-or overestimate true coverage. In addition, respondents excluded from Tdap coverage analysis differed from those included on race/ethnicity, education level, insurance type, poverty status, and region of residence.
These findings highlight influenza and pertussis disease burden among pregnant women and infants and vaccination coverage among pregnant women in the United States and suggest that disease burden could be reduced by improving vaccination coverage. Many pregnant women do not receive both vaccines recommended during pregnancy, increasing their and their newborns' risk for influenza and pertussis infection and their potentially devastating consequences. Although pregnant women differ in responses to vaccination offers and referrals, health care providers remain their most trusted source of vaccine information (11) . Starting maternal vaccination discussions with patients early in pregnancy can offer providers multiple opportunities to share information tailored to individual patients' needs and address vaccination-related concerns.
Summary
What is already known about this topic?
Vaccinating pregnant women with influenza vaccine and tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine (Tdap) can reduce their own risk for disease and protect their young infants against influenza and pertussis.
What is added by this report?
Influenza and pertussis cause substantial disease burden among pregnant women and infants too young to be vaccinated. Approximately half of pregnant women reported receiving each vaccine. Even among pregnant women reporting vaccination offers or referrals from a health care provider, approximately one third remained unvaccinated.
What are the implications for public health practice?
CDC and provider organizations' resources are available to help providers convey strong, specific recommendations for influenza and Tdap vaccination that are responsive to pregnant women's concerns.
